The article is focused on braking simulation of automated guided vehicle (AGV). The brake system is used with a disc brake and with hydraulic control. In the first step, the formula necessary for braking force at the start of braking is derived. The stopping distance is 1.5 meters.
Introduction
The contribution is focused on design brake system with brake disk for automated guided vehicle (AGV) with the aim to reduce kinetic energy safety. The aim of this paper is to simulate the braking of the transport equipment commonly used in automotive logistic systems using a disc brake. The simulation is performed at chosen version of such device. The design of the braking system will depend on the simulation. The proposed brake disc will be applicable to an existing AGV device. It should be remembered that the size of the braking system will depend on the transport speed and the weight of the cargo being transported [1, 2] .
The Mathematical Code for Model and Elements of the Mechanism
The disc brake will serve for reducing the kinetic movement energy of the device. This version of the braking system is used in each modern transport device. It is a braking system, which is hydraulically controlled. Due to the size and number of parts of the conveyor device, only the device brake mechanism is created in the CAD environment of the Creo Parametric 4.0. (see Fig.1 ).
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The device (AGV) (see Fig.1 ) consists of an electric motor, gearbox and a wheel with a disc brake. The AGV device keeps driving at maximum speed . The weight of the device is 6000 kg, include cargo. The braking distance is set at 1.5 meters. In the first step, it is very important to calculate the braking force. The calculated braking force will be needed for further calculations [3, 4] . Calculating parameters will be expressed graphically. The best way to get the needed data is to create a simulation of braking in the Matlab software. Based on the output data from Matlab, the brake system for the device is designed [5, 6] .
Fig. 1 Braking mechanism device. Source: authors
In Figure 2 is the mechanical assembly of the device, which is schematically illustrated with respective relationships. (1)) is the sum of all the forces acting on the vehicle [7, 8] . In this case, wheel friction with the floor will not be considered. The device will not overcome the cant, it works on an ideal flat surface. The force ⃗⃗⃗⃗⃗ , and ⃗⃗⃗⃗ are perpendicular to the braking force ⃗⃗⃗⃗⃗ , both equally large and opposite, and their result is zero. The acceleration in the y-axis direction is also zero [9] . 
Motion equation in vector shape
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Calculation of AGV acceleration (respectively slowing down)
The relationship (see Eq. (2)) is overwritten to express an acceleration relationship (see Eq.
(4)). The negative sign means slowing the device.
where: is acceleration .
Speed course
Integrating acceleration from relationship (see Eq. (4)) expresses the speed -to -time dependence.
∫ ∫
where: is constant that is determined from the initial conditions; is time [s] ; is speed in time (t) .
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In the next step, equation (5) is overwritten into the following form (6) where: is the speed of the previous step ].
Route progress in time
By integrating the speed from relationship (see Eq. (6)) is the dependence of the path from time:
where: is constant that is determined from the initial conditions; is the dependence of route on time .
Equation (see Eq. (7)) is rewritten into the following form (see Eq. (8)) where: is the route of the previous step .
Stop time ( )
At the moment of stopping, the speed will be zero. Putting into a relationship (see Eq. (6)) for the stop time follows:
where: is stop time .
Kinetic equation for AGV
where: is kinetic energy .
Braking force needed to stop the device
∫ ( )
where: is function; is braking distance ; is braking force at the start of braking .
Before the braking force is calculated at the beginning of the braking (see Eq. (17)), it is necessary to calculate the integral of the function (see Eq. (13)). After calculating (see Eq. (14)), the result is insert to the above equation (see Eq. (12)). Integral (see Eq. (14)) is calculated when considering braking route meters.
∫ Subsequently, the brake force at the start of the brake (see Eq. (16)) is expressed from the equation (see Eq. (15)). In the last step, the required braking force is calculated based on the entered parameters.
( )
The braking force of is required to stop the automated guided vehicle at a speed of and 6000 kg (including cargo). The device will be equipped with two disc brakes. The braking force is divided between the two drive wheels. Below is a calculation of the braking torque (see Eq. (18)).
Calculation of braking torque
where: is braking torque , is coefficient of kinetic friction [-] , is radius of brake disk Figure 4 schematically shows the braking force, braking torque as well as the radius of the braking disk. Fig. 4 Graphic representation of the forces acting on the disc brake system. Source: authors 6
Results
It is clear from the graph (see Fig. 5 ) that the speed is decreased to the point where the conveying device stops completely ( ). The route is increased during the braking simulation, which indicates that the Matlab program is set correctly. When it comes to accelerating the device (respective slowing down) from the graph, it is clear that the device is slowing down to the point where it stops.
Fig. 5
Braking AGV at selected parameters. Source: authors
According to the calculations in Chapter 2, the device will reduce its kinetic energy to zero in 2.25 seconds and pass a distance of 1.5 meters. "The calculated data was verified by simulation in the Matlab computing environment. Figure 6 shows detail from graph that represents the complete stop of AGV. Simulation matches with the mathematical calculation.
Fig. 6
Time braking -detail. Source: authors Figure 7 shows the braking torque during braking. As you can see by decreasing the speed, the brake torque also decreases. 
Discussion
Due to the fact, that braking force is large, there are several operational and technical problems in the design of the braking system [10, 11] . As the disc brake operation is secured by hydraulic force, energy is needed to brake from the batteries. Ultimately, this reduces the range.
 How to operate the transport equipment economically?
 Is it necessary to equip the brake for the other two wheels except for the drive axle in the view of the high braking power?
The market offers more power versions of the device and therefore it is necessary to consider the modular braking system [12, 13] .
Conclusion
The aim of the paper was to describe the mathematical model [14] of the braking of the automated guided vehicle in the computing environment of the Matlab software. The parameters that are based on real traffic (speed, load) were selected for the calculation [15, 16] . The device used to analyze reached the maximum speed with a transported weight of 6000 kg. The stopping distance was set to 1.5 meters and the required braking force (2.67 kN) was then calculated to stop the device. Outputs from the Matlab computational software are presented graphically and express 8 the reduction of speed, deceleration and path. The calculation also examined the value of the braking torque (429.9 Nm) required for the correct design of the brake caliper. The objectives that were set have fully met.
